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MAGIC and Multi-Wavelength Observations of three HBLs in 2008 
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The high-frequency peaked blazars and known TeV emitters lES 1011+496, MrklSO and lES 2344+514 have 
been observed in the course of multi- wavelength campaigns in 2008, covering the frequency bands from radio 
up to TeV energies. For all three sources, these coordinated observations represent the first of their kind. We 
will present and discuss the campaigns, resulting hght curves and spectral energy distributions. 



1. Introduction 

The extragalactic Very High Energy (VHE, > 
100 GeV) ganima-ray sky is dominated by blazars, ac- 
tive galactic nuclei whose non-thermal emission is em- 
anating from a relativistic plasma jet closely aligned 
to our line of sight [1]. Due to beaming effects, these 
sources are the brightest and most variable extra- 
galactic gamma-ray emitters. Their spectral energy 
distribution (SED) shows two pronounced peaks (in 
a double-logarithmic energy flux vs. frequency repre- 
sentation), one around optical to X-ray energies, the 
other one located at gamma-ray energies. According 
to the position of the first peak, BL Lacertae objects 
(blazars without strong spectral lines) are categorised 
as high-frequency peaked BL Lac objects (HBLs) if 
the peak energy falls within the UV to soft X-ray 
regime (e.g. [2]). The first peak is thought to be pro- 
duced by synchrotron radiation from relativistic elec- 
trons accelerated in the jets of the blazar, whereas 
the origin of the second peak is still a matter of de- 
bate. Most of the measured SEDs can be described 
by the widely used Synchrotron Self-Compton models 
(e.g. [3, 4]), though some sources require additional 
emission components like external radiation fields (e.g. 
[5, 6]). Also hadronic models (e.g. [7, 8]) are success- 
fully applied. Due to lack of constraining data, it is 



until now not possible to discriminate between the dif- 
ferent kind of models, which also makes it difficult to 
determine the physics at work in these sources. 

Blazars show variability in flux as well as spectral 
shape from radio to VHE frequencies at timescales 
down to minutes (e.g. [9]). Consequently, simultane- 
ous observations at all involved frequency bands are 
necessary to retrieve a reliable SED. The complexity 
and amount of inter-collaborative efforts of such ob- 
servation campaigns as well as the low sensitivity of 
the first generation of gamma-ray instruments made 
these campaigns quite rare. At the time of 2008, only 
a handful of sources had been studied in simultane- 
ous multi-wavelength (MW) campaigns, dominantly 
centered on the brightest objects or high fiux states. 
Also just since end of 2007 and mid of 2008, respec- 
tively, the AGILE and Fermi satellites are available 
which cover for the first time since EGRET (mission 
end: 2000) the crucial high energy (HE, > 100 MeV) 
regime. 

The campaigns described in the following were or- 
ganised intentionally regardless of the flux state of 
the source to obtain an unbiased sample of simulta- 
neously measured SEDs for objects hardly studied in 
MW campaigns until now. The MW light curve plots 
of these campaign can be found in [10] and [11]. 
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2. Observational Targets 

All three objects of these campaigns, lES 1011+496 
(redshift z = 0.212), MrklSO {z = 0.046) and 
lES 2344+514 (z = 0.044), are HBLs detected at TeV 
energies. The first two objects were discovered at 
VHE by MAGIC in 2007 [12] and 2006 [13], respec- 
tively, following an optical high state. lES 2344+514 
on the other hand is a known VHE emitter since 1998 
[14]. For an overview of historical observations of 
the three sources at different wavelength see [10] and 
[11], respectively, as well as the references mentioned 
above. None of the objects have been observed in 
simultaneous MW campaigns from radio to TeV en- 
ergies until now. 



3. Observation Campaigns and Results 
3.1. 1ES 101 1+496 

The observations have been conducted from March 
till June 2008. MAGIC observed during 25 nights as 
close to the two AGILE observation windows (span- 
ning 14 and 10 days, respectively) as possible;. The 
achieved simultaneous coverage was limited by ad- 
verse meteorological conditions like cloud coverage or 
calima at the MAGIC site. Optical observations were 
provided by the KVA telescope, which is operated 
concurrently with the MAGIC telescope. Addition- 
ally, Swift ToO observations were carried out for 10 
days during the campaign, and the radio telescope 
Metsahovi observed on 2 nights at 37 GHz. 

The preliminary analysis shows that MAGIC de- 
tected the source clearly with a significance of > 7a 
during the campaign. The light curve was consistent 
with a constant flux, though for one night the flux was 
> 2a above the average flux. The average spectrum 
derived from the observations showed a flux compa- 
rable with the one during the MAGIC detection and 
compatible but slightly harder spectral index. 

At X-rays, Swift XRT detected a small flare, where 
the flux rose by ~ 40% within 5 days and subsequently 
decreased to half of the flare peak flux after 6 days. 
As coverage and hence the flux baseline before and 
after this flare is missing, the overall flare rise and 
fall times could not be evaluated. The changes of the 
XRT spectral indices during that flare were clearly 
correlated with the changes of the X-ray fluxes. 

In the optical regime, significant variability has 
been found in the R band. The optical flux rose from 
relatively low levels by ~ 50% towards the end of 
the campaign. Mcasurcimcnts by KVA in the V and 
B band from end of April till beginning of May as 
well as in the Swift UVOT fllters followed in gen- 
eral the trend in the R band, showing only moderate 
flux changes in this time period. A correlation of the 



R band behaviour with other frequency bands can- 
not be investigated due to missing coverage at other 
wavelengths. 

Within the given time windows, Metsahovi and 
AGILE did not detect the source. 

3.2. Mrk180 

Most of the MrklSO observations were conducted 
in two separate windows, one around beginning of 
May, the other one from end of October till beginning 
of December 2008. MAGIC observed on 24 nights, 
mostly during moderate moonlight or twilight, accom- 
panied by dense KVA monitoring. Two AGILE win- 
dows were covered, the first around May spanning 10 
days, the second in November (30 days). For both 
windows. Swift ToO pointings could be arrangcid 
for altogether 21 nights. At radio frequencies, sev- 
eral snapshot observations by Effelsberg, RATAN-600, 
Metsahovi and IRAM were conducted. Additionally, 
the Fermi satellite was already in orbit during the 
second observation window. 

The MAGIC threshold for this observations was 
strongly increased due to the high zenith angle of 
the source and the increased background noise due 
to moonlight and twilight. Additional cloud coverage 
and calima rendered only ~ 7 hours out of > 15 hours 
of data taken usable for further analysis. The analysis 
results will be presented soon. 

Swift XRT detected significant variability in both 
time windows. In the first window, the flux increased 
towards the end by more than a factor of 2, whereas in 
the second window, a huge flare with a flux increase 
by a factor of 9 was detected. This represents the 
strongest flare and highest fliix ever measured for this 
object at X-rays. Within 6 days, the flux was declin- 
ing to only ~ 35% of the peak flux and reaching the 
baseline level again after another 11 days. The strong 
signal should allow to detect intra-night variability, 
but for the three nights with the highest fluxes, sig- 
niflcant variability was not present investigating time 
bins of 200 s. Also in this case, the XRT flux and 
spectral index were significantly correlated. 

A HE flare, lasting for ~ 17 days, could be detected 
by Fermi-LiAT, which ended ^ 15 hours before the 
highest flux at X-rays was reached. Due to missing 
X-ray data during the HE flare, a direct correlation 
cannot be excluded nor confirmed. 

The KVA R band flux was overall higher during 
the second window than during the first window and 
showing in both windows decreasing trends. But the 
optical light curve didn't show correlations on daily 
scale with the observed X-ray flares. Also a correlation 
between the Swift UVOT and XRT measurements is 
not apparent. 

At radio frequencies < 50 GHz, flux variability is 
present over timescales of month; shorter timescales 
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cannot be tested due to the low sampling at these 
frequencies. The better sampled IRAM light curve 
showed a constant flux over months at 86 GHz but a 
rise on the last day of observations (30 days before the 
start of the Fermi-LAT flare). 

Metsahovi and AGILE did not detect the source 
during the campaign. 

3.3. 1ES 2344+51 4 

For lES 2344+514, the same wavelength coverage 
was achieved as for Mrk 180 but additional VLBA ob- 
servations. The campaign took place between Septem- 
ber 2008 and January 2009. MAGIC observed the 
source on 17 nights, collecting a total of ^ 21 hours 
good quality data. Swift observations were con- 
ducted on 21 days. 

MAGIC did not detect the source with > ha. Con- 
sidering that lES 2344-1-514 is a well-established VHE 
source, the rather long observation time of > 20 hours 
and the good data quality, a spectrum and light curve 
was derived nevertheless. The low significance of the 
signal should be kept in mind, though. The source 
was found on a flux level slightly below the one found 
by MAGIC in 2005 with a spectral index slightly 
harder than during the MAGIC detection, but con- 
sistent with that value within the error bars. The 
light curve did not show any hint of variability. 

The optical R band light curve measured by KVA 
was also consistent with a constant flux, whereas at 
X-rays, Swift XRT found significant variability. The 
flux increased by 50% within 2 days and dropped 
to about half the peak flux value within 8 days. Spec- 
tral variability was present during the flare, and again 
the spectral index was clearly correlated with the flux. 
The overall flux level was among the lowest ever mea- 
sured at X-rays for lES 2344-1-514. 

At radio wavelength, the source showed variability 
on the sampling timescalc of ^ 4 weeks at frequencies 
below 50 GHz. The IRAM light curve did not show a 
hint of variability throughout the observations. Cor- 
related behaviour with other frequency bands could 
not be investigated due to the different sampling. 

Metsahovi detected the source three month before 
the campaign, but not during the coordinated obser- 
vations. This excludes major flares to have happened 
at 37 GHz during the campaign. Also AGILE and 
Fermi-hAT did not detect the source in the given 
time windows. 



4. Discussion and Conclusions 

For each source two simultaneous SEDs were con- 
structed. These data sets have been chosen according 
to the X-ray flux state with the criteria of (1) a signif- 
icant flux difference between the two data sets and (2) 
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Figure 1: SED of lES 1011-1-496 resulting from this 
campaign. The KVA and UVOT data are host-galaxy 
corrected, the UVOT data additionally de-reddened. The 
grey bow-tie is deduced from the LAT 1-year Catalog, 
the VHE points represent the average MAGIC spectrum 
(already corrected for EBL effects using [17]). 

having the best possible simultaneous coverage at all 
wavelengths. The SEDs were modelled using a one- 
zone SSC model [15] as well as a self-consistent two- 
zone SSC model [16]. Note that the data collection 
and modelling is still ongoing. 

Due to the rather small difference in flux in the case 
of lES lOll-t-496, only one model flt was applied to 
the two data sets (see Figure 1). The resulting model 
parameters are typical for HBLs but the high Doppler 
factor and 7mm of [16], which may be attributed to the 
preliminary nature of the modelling and will be refined 
in the near future. Comparing the MAGIC discovery 
spectrum with the one derived here and taking into 
account that the Fermi bow-tie shown in the SED fits 
the VHE data rather well though being taken month 
after the actual campaign, lES 1011-1-496 seems to be 
a rather constant gamma-ray emitter. More obser- 
vations are of course necessary to confirm that inter- 
pretation. The synchrotron component in the optical 
and X-rays shows significant variability instead. In 
[12], non-contemporaneous X-ray data, at a factor 10 
lower in flux than the ones measured here simultane- 
ously, was used for modelling the SED. The results 
led to the conclusion that lES 1011-1-496 would be a 
Compton dominated source, unlike most of the other 
HBLs. The results derived here show instead that also 
this source seems to by synchrotron dominated. 

The simultaneous SED of the Mrk 180 low X-ray 
flux state could be modelled well with both models 
(see Figure 2), also yielding rather standard parame- 
ters. On the contrary, the rather steep X-ray spectrum 
and high optical flux made it difficult for both models 
to describe the high flux data. Either they have to 
assume a different spectral shape in X-rays, or under- 
estimate the optical flux. Despite these modifications, 
Ibreak and 5 are high for both models. One solution 
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Figure 2: SEDs of Mrk 180 from the campaign presented 
here. The KVA data are host-galaxy corrected, the 
UVOT data are de-reddened and the thermal 
contribution has been subtracted. At high gamma-ray 
energies, a 95% c.l. upper limit derived by AGILE is 
shown together with Fermi bow-ties deduced from the 
LAT 1-year Catalog (dashed line) and from the 
MAGIC-simultaneous period (grey shaded). The shown 
MAGIC data points are taken from [13]. 
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Figure 3: SEDs of lES 2344-^514. The KVA data are 
corrected for host galaxy effects. The AGILE upper limit 
shown at high gamma-ray energies has a c.l. of 95%. The 
black data points denote the average spectrum measured 
by MAGIC, corrected for EBL absorption by [17]. 



to explain this discrepancy would be to assume that 
the optical and X-ray emission originates in different 
regions of the jet. Further modelling is in progress. 
The unprecedented high X-ray flux state of Mrk 180 
was accompanied by a strong shift of the synchrotron 
peak, from < 0.5 keV to > 5 keV, making also Mrk 180 
an 'extreme blazar' ([18]) candidate. 

lES 2344-1-514 was observed in one of the lowest flux 
states ever at VHE, X-rays and optical wavelengths. 
The SEDs in low and high flux state could nevertheless 
be described well by the applied models (see Figure 
3), resulting in typical HBL parameter values. Con- 



sequently we either have not yet observed the 'qui- 
escent state' of the source, or this flux state is not 
characterised by model parameters different from the 
standard ones published up to now. From the VLBA 
observations, upper limits on the size and magnetic 
field of the radio emitting region could be derived [19] 
which are in agreement with the model parameters 
found for the blazar emission zone here. 
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